Flavobacteriurn aquatile strain Taylor grew readily in a medium containing ( %, wlv) ; trypticase, 0.5; glucose, 0.5; K,HPO,, 0.05; KH,PO,, 0.05; MgSO,. 7H,O, 0.02; supplemental thiamine. Growth was proportional to the thiamine-HCl content in the range 1-80 m,ug./lO ml. medium. Larger quantities of thiamine did not increase growth. Maximum growth responses at all concentrations of thiamine were obtained after 48 hr. incubation a t 30' when the cultures were shaken during incubation. The response of F. aquatile to thiamine gives a basis for a microbiological assay. Of the compounds tested only thiamine pyrophosphate and acetylthiamine replaced thiamine. None of the other vitamins, or various purines, pyrimidines, nucleosides, or miscellaneous compounds tested except certain carbohydrates, altered the response to thiamine. Maltose or ribose (0.5 yo, wlv) stimulated F. aqwtile in the range 0-5 mpg. thiamine/lO ml. At greater concentrations of thiamine, and in the presence of glucose, slight growth inhibitions were caused by maltose and ribose. Sodium chloride at concentrations greater than 0.05 M retarded growth generally and therefore the response to thiamine was modified. None of the interfering compounds appeared to invalidate the use of the bacterium as an assay organism for thiamine.
INTRODUCTION
The measurement of thiamine in natural materials may be accomplished by chemical or biological methods, the latter being especially useful where small amounts of the vitamin are concerned. Techniques which have been proposed were reviewed by Mickelsen & Yamamoto (1958) . In addition Deibel, Evans & Niven (1957) described a procedure using Lactobacillus viridescens ; Maciasr (1957) reported an improved assay medium for use with L. fmmnti ; and Littman (1958) showedthat the pathogen Cryptococcus neoformans could be used for thiamine assay. Of the several micro-organisms proposed, L. fermenti (Sarett & Cheldelin, 1944) , Kloeckera brevis (Hoff-Jorgensen & Hansen, 1955) and L. viridescens (Deibel et al. 1957 ) seem best suited for routine assay. With the exception of mutant strains of Escherichia coli (Mickelsen & Yamamoto, 1958 ) the use of Gram-negative bacteria for such an assay has not been common. Investigations of the nutritional requirements of Flavobacterium aquatile strain Taylor (Lauro, 1955) showed a requirement for thiamine in a relatively simple basal medium. That study has been continued and a microbiological assay for thiamine dependent upon the growth of F. aquatile is presented here. preparing the salt solution was between 50 and 90 yo (v/v) of the ultimate volume, depending on the experiment. The glucose and trypticase were added aseptically to the salt solution in 0-5 ml. amounts from separately sterilized 10 yo (w/v) stock solutions. Sterile solutions of thiamine and the various organic supplements being considered were then added, and finally the volume brought up to 10 ml. per tube with sterile water. After the composition of the assay medium was established, aseptic assembling of the medium was given up for conventional preparation and autoclave sterilization of the complete medium, except for thiamine or the samples being assayed. These latter were always added aseptically from sterile solutions. Usually bromthymol blue indicator was included in medium A-1. When any of the aseptic supplementations changed the pH value as shown by the indicator, the reaction was readjusted with sterile 2 yo (w/v) HCl or NaOH solution.
Preparation of inoculum. Stock cultures of Fluvobacterium aquatile growing upon M-5 agar slopes were subcultured every two weeks. Following inoculation, the cultures were incubated at 28-30" for 48 hr. and then stored a t 1 0 ' . Cultures to be used for studies of growth response to thiamine were also grown upon M-5 agar medium. A 24 hr. stock culture was used to inoculate a sufficient number of slopes for an experiment. After 24 hr. incubation, the growth was suspended in sterile distilled water, adjusted to a standardized turbidity (optical density = c. 0.25, light path = 1 em., h = 550 mp), and 0.1 ml. used to inoculate each tube.
Culture conditions. All studies of the nutritional requirements of Flavobacteriusn aquatile were done in test tubes (19 x 150 mm.) covered with Morton stainlesssteel culture tube closures (Bellco Glass, Inc., Vineland, N.J.). The tubes were incubated a t 28-30' on a rotary shaker adjusted to give 160 rev./min. Incubation times were 24-96 hr., depending upon the experiment.
,Measurement of growth. The relative extent of bacterial growth was estimated from turbidity read as optical density on a Beckman Model B spectrophotometer set at a wavelength of 550 mp. When the medium included bromthymol blue indi-
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cator, all tubes were acidified (0.1 ml. of N-HCl) before measurement of optical density. The cultures were poured into 1 cm. cuvettes (Corex) and the optical measurements were made by using the uninoculated medium as the reference.
RESULTS

Inorgaltic salts solution
Investigations of the response of Flavobacterium aquatile to thiamine were begun with the inorganic salt solutions A and C of Snell & Wright (1941) . This mixture was supplemented with stock solutions of glucose and trypticase to 0-5y0 (wlv) of each and with 10,ug. thiamine. HCl/tube. The complete medium contained 0.5 ml. each of stock solutions A and C per 100 ml. The inorganic compounds of the salt solutions (Table 1) were tested in several mixtures to determine the minimal mixture necessary. The results (Table 1 ; Fig. 1) showed that a mixture of the potassium phosphates and magnesium sulphate or the complete A and C mixture was required for maximum growth. The mixture of potassium phosphates and magnesium sulphate was chosen for subsequent experiments. The apparent inhibition by manganese and iron salts was not studied further. 
Nitrogen source
Preliminary studies showed that neither various amino acid mixtures, nor acid-hydroly sed casein served as the nitrogen source. Various enzymic hydrolysates of casein were satisfactory; trypticase was chosen. Addition of glucose greatly increased the growth (Fig. 5 ) . Within the first 48 hr. of incubation the optimal concentration of trypticase was 0.5 yo (w/v) . Trypticase at I yo (wlv) markedly delayed growth during the initial 48 hr. of incubation, but this retardation disappeared by 96 hr. (Fig. 1) . The reason for this retardation of growth at the higher peptone concentrations is not known, but it was found that after dialysis of the trypticase, the non-diffusible fraction did not show growth retardation at con- (Fig. 1 c) . Flame photometric analysis (Perkins Elmer flame photometer) showed trypticase to contain sodium equivalent to 0.70% NaCl and potassium equivalent to 0036% KC1; total ash was 6-7y0.
Response of Flavobacterium aquatile to thiamine
The growth response of Flavobacterium aquatile to thiamine in medium A-1 is shown in Fig. 2 , upper curve. Thiamine was added aseptically t o each tube as a sterile dilution prepared from a thiamine. HC1 stock solution (10 mg./100 ml.). The stock solution was autoclaved for 10 min. at 121". It was unnecessary to acidify the solution to prevent thiamine destruction during sterilization. Amounts of thiamine. HC1 from 0.1 to 10,000 mpg./lO ml. medium were tested. Quantitative responses to thiamine. HC1 occurred in the range from 1 to 50 mpg./lO ml. Maximum growth occurred when 80 mpg. of the vitamin were present, and increasing the concentration to 10,000 mpg. did not further increase growth. Between 50 and 80 mpg./lO ml. the rate of growth progressively decreased and the accuracy of the assay decreased. Although growth responses were apparent in the range of 0.1-1.0 m,ug./lO ml., the accuracy of the assay may be questioned at these lower concentrations. The shape of the thiamine response curve has remained unchanged
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during a year or more of study. The maximum growth response to thiamine was obtained within 48 hr.; the optical density was unchanged by further incubation.
For thiamine. HC1 concentrations greater than 10 mpg./ml., maximum growth did not occur within the initial 24 hr. of incubation ( Table 2) . Influence of cultural history on the response of Flavobacterium aquatile to thiamine The growth response of Flavobacterium quatile to thiamine was very stable. Shortly after the organism was isolated in 1952, a number of cultures were lyophilized. In addition, the parent culture and selections from platings of it were maintained as growing cultures. During a 5-year period, 9 separate clones have been maintained and all have responded similarly to thiamine. A lyophilized culture was activated, subcultured twice and then tested for its growth response to thiamine; the response was typical. One of the cultures had been given to a coneague who maintained it by infrequent subculture; this clone was tested and also gave a growth response to thiamine which was indistinguishable from that shown in Fig. 2 , upper curve.
Inocula for the thiamine growth response studies were usually distilIed water suspensions from M-5 agar slope cultures and were used without washing. In one group of experiments the inocula were washed with phosphate buffer, but the results were not different from those shown in Fig. 2 , upper curve. The trace of growth in medium A-1 without added thiamine. HCl, was not decreased. When stock cultures were subcultured monthly and the growth from 24 hr. subcultures used to inoculate medium A-1, the maximum growth response was equivalent to optical density c. 1.7; with weekly or more frequent subcultures, the maximum growth increased to optical density c. 2-3. With the increase in optical density the slope of the growth response curve increased. Investigations were made of the growth responses of Plavobacterium aquatile to thiamine in the medium prepared in a variety of ways with respect to sterilization, to determine whether aseptic compounding was necessary. Results are shown in Fig. 2. A usable assay curve was obtained when the complete medium, except for thiamine, was autoclaved. It is evident that growth responses to thiamine were decreased when the assay medium was prepared in any manner other than assembly from separately sterilized stock solutions. The extreme decrease in growth response occurred when the vitamin was autoclaved with the medium and was doubtless due to partial destruction of the vitamin during sterilization. Studies suggested that some of the decreased response to thiamine in the autoclaved medium was associated with reactions involving trypticase rather than glucose. A general decrease in the growth response to thiamine occurred irrespective of whether or not glucose was included in the medium before autoclaving (Fig. 2) . In a different experiment medium A-1 was assembled from the previously sterilized stock solutions but the trypticase stock solutions had been heated for 2 hr. at 121'. The growth-response curve to thiamine resembled that which occurred when the inorganic salts solution and trypticase were autoclaved together. The decreases in growth response to thiamine were greater in the range 5-70 m,ug./lO ml. than for lesser or greater amounts of thiamine. The consequence of this was an almost 50 yo increase in the range of thiamine concentrations which could be measured from growth response. 
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The speci$city of the requirement for thiamine Thiamine pyrophosphate or acetylthiamine replaced thiamine quantitatively in medium A-1 (Fig. 3) . The two moieties of thiamine, namely 2-methyl-4-amino-5-aminomethyl pyrimidine. 2HC1 and 4-methyl-5-P-hydroxyethyl thiazole, singly or together, were unable to replace thiamine ( Table 3) .
The remaining organic compounds tested did not replace thiamine or affect growth in the presence of thiamine. The compounds tested and the concentrations used in medium A-1 are listed following. Purines and pyrimidines (100 pg./lO ml.) : guanine, adenine, xanthine, hypoxanthine, 2 : 6-diaminopurine, cytosine, thymine, uracil, orotic acid, and the nucleoside thymidine. Vitamins of the B-complex (filtered sterile): folic acid, biotin, vitamin B1,, thioctic acid (1 or 10 mpg./lO ml.); riboflavin-5-phosphateY riboflavin, calcium pantothenate, pyridoxal . HCl, pyridoxal Table 3 Carbohydrates. The carbohydrates shown in Table 4 were tested for their effects upon the response of Flavobacterium aquatile to thiamine. The results show that fructose, maltose and the pentoses when added to the glucose + thiamine-containing medium increased bacterial growth beyond that of the glucose control. Similar effects were evident in the absence of glucose, except for arabinose. Ribose and maltose supported some growth in the absence of thiamine and this was studied more extensively.
The ribose and maltose effects were studied by adding 0.5% (w/v) ribose or 7 Thiamine concentration = 6 mpg. /lo ml.
control when concentrations of thiamine.HC1 were less than 10 m,ug./lO ml. (Fig. 4) . With greater amounts of thiamine the growth was less than that of the glucose control. The slight stimulatory effects of ribose and maltose were apparent whether or not thiamine was added (Figs. 4, 5 ) . The possibility that the ribose and maltose used were contaminated by minute amounts of thiamine was not excluded. Ribose seemed unavailable as an energy source but maltose was satisfactory. The mixtures glucose + maltose or glucose +ribose decreased the growth response to Nutrition of Flavobacteriurn aquatile 225 thiamine when compared with that which occurred in the medium containing only glucose. The reason for this is not known. The principal problem, however, was to define the degree to which ribose and maltose would interfere with microbiological assays for thiamine when using medium A-1. Usually this medium wits supplemented with different amounts of thiamine which were prepared from a sterile stock solution using water as the diluent.
To study the effects of maltose and ribose as if these compounds were present in natural substances subjected to assay, the first 10-fold dilution of the stock thiamine.HC1 (10 mg./100 ml.) was made in 1 % (w/v) maltose or ribose solution; the subsequent dilutions were made with sterile water. In this manner, amounts of either carbohydrate (1-100 mg.) were added to each tube along with the thiamine; the results are shown in Fig. 6 . It would seem that with the experimental conditions used, neither maltose nor ribose influenced the accuracy of the assay.
InJluence of NaCl. Flavobacterium aquatile appeared to be unusually sensitive to electrolytes; its sensitivity to NaCl is shown in Fig. 7 . Under conditions allowing maximum growth (0.5 yo, w/v, trypticase) addition of 0.2 M -N~C~ essentially stopped Fig. 6 Fig. 7 growth; perceptible inhibition occurred in media containing 0.01 M-NaCl. This inhibitory effect was more pronounced with smaller concentrations of tryp ticase. Sodium chloride was not a specific inhibitor; similar results in different degrees were obtained with Na,SO,, KC1, K,SO,, MnCl,, MgSO,, CaCI,, Na acetate, and Na citrate. The effect is not explainable in terms of solute pressure since amounts of siicrose with much greater solute pressures did not inhibit growth.
0. B. WEEKS AND S. M. BECK
An attempt was made to establish the degree to which NaCl might interfere with the microbiological assay. The usual experimental conditions were used to obtain a standard thiamine-response curve. Two additional experiments were arranged in which 0 . 0 2~ or 0.05~-NaC1 was included in medium A-1. The results (Fig. 7) show some inhibition by NaCl. The curves also show the typical thiamine responses. It would be possible to correct for electrolyte interference in microbiological assays by using a proper reference curve but it seems probable that dilution of the samples to be assayed would make the electrolyte effect unimportant. Microbiological assay for thiamine and thiamine recovery experiments Thiamine recovery experiments were arranged and the procedure given below could be used for routine 'measurements of thiamine. The assay medium was medium A-1; the inorganic salts, trypticase and glucose solutions were mixed ; the volume brought to 90 yo (v/v) of that ultimately sought, the pH adjusted to 7.4, and the medium tubed in 9 ml. amounts. Sterilization was by autoclaving at 121" for 15 min. The samples to be assayed were prepared as water extracts when the substance being tested was dry. Appropriate stock dilutions, adjusted to pH 7.0, were prepared for each material and sterilized by autoclaving. Further dilutions were prepared aseptically from the sterile stock solutions and 1 ml. of each sample dilution added to the tube assay medium. The bacterial cultures used for the Nutrition of Flavobacterium aquatile 227 inoculum were 24 hr. cultures which originated from similar 24 hr. cultures which had been inoculated from 7-day parent cultures held at 15". All these cultures for preparing assay inocula were grown on medium M-5 agar slopes at 30". Usually the growth from one slope was suspended in 2 ml. sterile water and 0.1 ml. inoculated into each assay tube. The tubes were shaken continuously during incubation for 48 hr. at 30". The relative growth was read as optical density. Thiamine concentration of the material under study was established, known amounts of thiamine added, and the microbiological assays performed. Results are shown in Table 5 . The lower curve in Fig. 8 is the standard curve for reference. In Table 5 most instances about 95% of the thiamine added was found. In two tests only were the amounts recovered appreciably less than those added, and here the total thiamine found was 8 mpg./lO ml. or less. Recoveries in the range of 10-64 mpg. thiaminello ml. seemed excellent. The data indicate that the error in this type of experiment probably would not exceed + l o % . None of the constituents of the materials tested interfered appreciably with the measurement of the thiamine added.
